Abstract
INTRODUCTION

32
Mining is considered to be one of the major anthropogenic activities that results in 33 contamination of the environment with potentially toxic elements (PTEs), including: 34 arsenic (As), cadmium (Cd), cobalt (Co), copper (Cu), lead (Pb) , manganese (Mn) and PTEs represent a risk to human health. Inorganic As (iAs) is a highly toxic carcinogen 37 that is linked to many health problems, including, infertility and cardiovascular and 38 neurological disorders (IARC, 2004) . Cd can cause numerous pathological problems 39 such as high blood pressure, diabetes, skeletal damage and cancers (Satarug and Moore, 40 2004). Cd is also considered as nephrotoxicant (Horiguchi et al., 2013) . Therefore, its 41 prolong exposure can also cause renal dysfunction due to its slow release from the body source to iAs (Li et al., 2011; Zhao et al., 2013) .
71
In order to protect humans from this dietary exposure to PTEs, maximum 72 permissible limits(MPLs) have been set for PTEs in food(SEPA, 2005; see Table   73 1).Where food is grown in soils with elevated levels of PTEs it is desirable to suppress 74 the transfer of PTEs from soil into food crops. This suppression can be achieved through 75 the addition of 'safe' amendments to soil that reduce PTE availability and thereby 76 inhibit PTE bioaccumulation into foodstuffs. A candidate amendment in this regard is 77 biochar.
78
Biochar, is a carbon (C) rich material already recognized for its agronomic benefits Triplicate soil samples(0-15 cm; 20 kg) from 10 siteswere collected, air dried,
123
sieved (2 mm mesh)and then thoroughly mixed to obtain a composite sample (600 kg).
124
Physio-chemical characteristics including EC, pH, C, nitrogen (N), sulfur (S) and 125 particle size were measured ( (Table 3) . could be due to higher P in SSBC soil ( Table 2 ). The biochars used in previous studies Unlike N and P, K concentration was lower in the rice plants grown on SSBC 252 amended treatments compared to the control (Table 2 ). The lowest decrease was 253 observed in grain (4.90-5.00%), followed by leaves (25.5-32.6%) and then straw (48.3-254 61.9%) (Fig. 2) .SSBC addition increased S concentrations in grain (4.68-6.23%), in 
285
The decrease in PTE availability in biochar amended soil has been linked to pH 286 changes, which is an important parameter for PTE sorption process (Zheng et al., 2012) .
287
The pH can affect surface charges and chemistry of adsorbent and at the same time can 
Daily intake of PTEs and their health risks
376
In order to contextualize health risks associated with PTE intake via rice 377 consumption, EDI and HQ were calculated ( for Mn (14.6) and followed by As(8.23) ( Table 4 ).This outcome was underpinned by 400 high Mn concentrations in rice, the relatively high toxicity of As and its low RfD value.
401
Addition of SSBC to mining impacted soil significantly (P≤0.01) reduced HQ in rice 402 compared to control ( 
426
Given that sewage sludge is problematic waste it is suggested that its diversion into 427 biochar production could represent a solution to this waste being disposed of to land.
428
The results presented herein indicate that the targeted application of SSBC to PTE to the locations where it is intended for application. It is submitted that the per kg SSBC 436 production costs suggest the application of 10% SSBC to 1 hm-2 to be of the order of 437 XXX. Assuming SSBC production close to point of application we suggest these costs 438 to be acceptable when set against the reduction in cancer risk that could be achieved.
439
However, further study is needed to look at the economics and life cycle analysis of 440 biochar use in agricultural systems. 
